Paleomagnetic data from northern Appalachian terranes identify several arcs within the Iapetus ocean in the Early to Middle Ordovician, including a peri-Laurentian arc at ~10°-20°S, a peri-Avalonian arc at ~50°-60°S, and an intra-oceanic arc (called the Exploits arc) at 30°S. The peri-Avalonian and Exploits arcs are characterized by Arenigian to Llanvirnian Celtic fauna that are distinct from similarly aged Toquima- Table Head fauna 
PALEOMAGNETIC DATA FROM IAPETAN TERRANES
Displaced terranes occur along the extent of the Appalachian-Caledonian orogen, although reliable Ordovician paleomagnetic data from Iapetan terranes have only been obtained from the Central Mobile belt of the northern Appalachians (Table 1 ). The Central Mobile belt separates the Laurentian and Avalonian margins of Iapetus and preserves remnants of the ocean, including arcs, ocean islands, and ophiolite slivers (e.g., Keppie, 1989 Thus, the paleomagnetic data from the northern Appalachians indicate the presence of at least three major arc systems within the Iapetus ocean in the Early to Middle Ordovician: a peri-Laurentian arc (at about 10°-20°S), an intra-Iapetan arc-system, the Exploits arc (at about 30°S), and a periAvalonian arc (at about 50°S).
FAUNAL CONSTRAINTS FROM IAPETAN TERRANES
Early attempts to assign shelfal brachiopod assemblages from several of the accreted terranes in the Appalachian-Caledonian collage to continental platform provinces proved problematic, and therefore the Toquima-Table Head faunal realm (Ross and Ingham, 1970) and Celtic brachiopod biogeographic province (Williams, 1973) were erected in addition to the classic Laurentian, Baltic, and Mediterranean provinces. The Early to Middle Ordovician Toquima-Table Head fauna typify low-latitude, warm-water environments surrounding equatorial Laurentia (Neuman and Harper, 1992; Cocks and McKerrow, 1993; Harper et al., 1996) . In contrast, the Early to Middle Ordovician Celtic brachiopod province was postulated by Neuman (1984) to have originated around islands within the Iapetus ocean, away from the Laurentian margin. Although the paleogeographic utility of the Celtic brachiopod province has been the subject of considerable debate, recent statistical analyses of brachiopod fauna from Maine, New Brunswick, Newfoundland, Britain, Ireland, and Scandinavia have shown that the Celtic brachiopod fauna differ significantly from the Toquima-Table Head realm of the Laurentian margin in the Early to Middle Ordovician, with less pronounced differences in the Late Ordovician (Harper et al., 1996) . It is significant that the only two published paleomagnetic results of units associated with the Toquima-Table Head fauna have yielded low paleolatitudes; these are the type Table Head Group of western Newfoundland (19°S; Hall and Evans, 1988) and the Mweelrea Formation (Llanvirn) in western Ireland (16°S; Morris et al., 1973) . It is equally important that the two published paleomagnetic results for units associated with the Celtic brachiopod fauna have yielded intermediate to high paleolatitudes; i.e., the Summerford Group (Llanvirn) of central Newfoundland (31°S ; Table 1 ) and the Tetagouche Group (Llanvirn to Llandeilo) of northern New Brunswick (53°S ; Table 1 ). Thus, when the paleomagnetic and faunal data are combined, strong evidence exists that the Celtic brachiopod assemblages are restricted to terranes occupying intermediate to high paleolatitudes and are therefore important biogeographic markers in evaluating Early to Middle Ordovician paleogeography.
LAURENTIA-SOUTH AMERICA CONNECTION?
A Middle Ordovician collision between the Appalachian and Andean margins, producing the Taconic orogeny in eastern North America and the Ocloyic event of the Famatinian orogeny in South America, has been proposed (e.g., Dalla-Salda et al., 1992a , 1992b Dalziel et al., 1994 ; Fig. 1C ). The key element of these models is the tectono-stratigraphic affinity of the Precordilleran terrane of Argentina. The Precordillera preserves a Cambrian carbonate sequence that exhibits strong stratigraphic and faunal similarities to that along the Appalachian margin of Laurentia (Ramos et al., 1986; Astini et al., 1995 Astini et al., , 1996 Dalziel and Dalla-Salda, 1996 ; Thomas and Astini, 1996) . Collision of the Precordilleran terrane with the Andean margin of Gondwana took place in Middle Ordovician time (Ramos et al., 1986; Dalla-Salda et al., 1992a , 1992b Astini et al., 1995) . The presence of coldwater, peri-Gondwanan, Hirnantian brachiopods and Late Ordovician glacial deposits in the Precordillera indicates that, by the Middle and Late Ordovician, the terrane was located at much higher latitudes than those of Laurentia. Thus, most authors (see Dalziel and Dalla-Salda, 1996) agree that the evidence from the Precordillera points to an initial Cambrian position for the terrane on the Laurentian margin, probably the Ouachita embayment (Thomas and Astini, 1996) , and transfer of the terrane to the South American margin of Gondwana in the Middle Ordovician.
The position of the Precordillera in the Early Ordovician and the mechanism of transfer, however, have been the subjects of considerable controversy. Dalla-Salda et al. (1992a , 1992b and Dalziel et al. (1994) ascribed the transfer of the Precordilleran terrane to a continental collision between Laurentia and Gondwana in the Middle Ordovician. Subsequent separation of the two continents in Late Ordovician time excised the Precordilleran terrane from the Laurentian margin, leaving it in its present position as an allochthonous terrane in South America. In this model the Ocloyic orogenic event of South America would be the extension of the Taconic orogen of eastern North America. This model has been disputed by Astini et al. (1995) and Thomas and Astini (1996) , who propose that the Precordillera existed as an independent block that rifted from Laurentia in the Cambrian, prior to accretion to South America in the Middle Ordovician. We favor the latter model for a number of reasons. As noted by Astini and colleagues, early Arenigian to early Llanvirnian brachiopod faunas from the Precordillera contain an increasing amount of Celtic genera over time. Because the Celtic brachiopod province occupied higher paleolatitudes than the Laurentian margin (Harper et al., 1996 ; this paper), the Precordillera must have been separated from Laurentia in Early to Middle Ordovician time. Moreover, the presence of Celtic genera in the Precordillera indicates that there must have been a degree of faunal exchange with the Exploits and peri-Avalonian arcs of the central and southern Iapetus to the east in the Middle Ordovician ( Fig. 2A) . If Laurentia and Gondwana were united after continent-continent Taconic-Famatinian collision (Fig. 1C) , such exchange would be very unlikely. Furthermore, the evidence from the northern Appalachians indicates that, during Iapetus ocean closure, several arcs telescoped in multiple collision events throughout the Ordovician and Silurian Hibbard, 1994; van Staal, 1994) . Thus the Taconic and Acadian orogenies do not represent discrete tectonic events, such as the Laurentia-Gondwana collision, but a protracted history of deformation, terrane migration, accretion, and continental convergence. Such a complex tectonic history is exceedingly difficult to accommodate within the confines of a tight Laurentia-Gondwana fit in the Middle Ordovician; in other words, the Appalachian margin of Laurentia must have faced an open ocean instead of another continent.
EARLY PALEOZOIC PALEOGEOGRAPHY
Our preferred paleogeographic scenario is presented in Figure 2 . The Iapetus ocean was at its maximum extent in the Late Cambrian and Early Ordovician, and its closure was accompanied by a protracted, but punctuated tectonic history and a complex geometry, resembling, in many ways, the tectonic complexity of the modern southwest Pacific. By the Arenig, subduction had commenced at the northern margin of Iapetus, and a periLaurentian arc had developed (Fig. 2A) . The correlation of the Notre Dame subzone of the Central Mobile belt with the South Mayo trough of western Ireland (Williams et al., 1995) would imply that this arc extended over several thousands of kilometres. It is the collision of this arc in the Early and Middle Ordovician that produced the Taconian orogenic pulse (Fig. 2B ). The Precordilleran terrane had rifted away from the Ouachita embayment by the Late Cambrian ( Fig. 2A) , and had an independent drift history in Early to Middle Ordovician time, prior to collision with the South American margin of Gondwana during the Ocloyic orogeny (Fig. 2B) .
A peri-Avalonian arc had also developed on the southern margin of the Iapetus ocean by the Middle Ordovician and, similar to the peri-Laurentian arc, is likely to have been extensive, given the record of Middle Ordovician volcanism preserved from the Lake District of Britain through the Central Mobile belt. The paleomagnetic data from the Robert's Arm, Summerford, and Chanceport groups of central Newfoundland indicate the presence of a third arc system; the Exploits arc, located in the middle of the Iapetus ocean basin. We emphasize here that there may have been other arcs or rifted blocks in the ocean that have not yet been recognized as such.
The Middle to Late Ordovician marked the continued convergence of Baltica and Avalonia with Laurentia; the paleomagnetic evidence indicates that the ocean between Laurentia and Avalonia had narrowed to about 3000 km by this time (Fig. 2B ). Deformation and terrane accretion continued with the arrival and collision of fragments of the more southerly arcs. Final closure of the Iapetus ocean seems to have been completed in the Silurian (Fig. 2C) , although strike-slip motion continued into the Devonian in the northern Appalachians. The Silurian sequences across the Central Mobile belt in Newfoundland, and from Laurentia and Avalonia, have yielded similar paleolatitudes, indicating that they had been assembled at this time (Torsvik et al., 1993; Stamatakos et al., 1995) . Table 1 . Orthogonal projections.
